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nents of the decoded image data for the given block 
based on the block-quantization-step-size information, 
the high frequency components having frequencies 
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Description 

RACKGROUNH OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to noise re- 
duction methods and image decoding devices, and par- 
ticularly relates to a method of reducing a mosquito 
noise generated during a decoding process of coded im- 
age data and to a device for decoding the coded image 
data based on the method. 

2. Description of the Related Art 



When transmitting, recording, or reproducing vari- 
ous signals such as video signals, audio signals, etc.. 
as digital signals, techniques for compressing and de- 
compressing information are generally employed to re- 
duce the amount of information, i.e.. the number of bits. 
For example, if a linear quantization (uniform quantiza- 
tion) which represents each sample value with a value 
selected from evenly divided signal levels is used for 
digitizing video signals, audio signals, and the like with- 
out any compression technique, the amount of informa- 
tion to be transmitted or recorded/reproduced becomes 
prohibitively large. Thus, in the fields of broadcasting, 
communication, and information recording/reproducing, 
characteristics of human visual perception and auditory 
perception have been utilized in such compression tech- 
niques. For example, the human perception is sensitive 
to changes in signal levels when a signal has a little var- 
iation, while it is not so sensitive to the changes when a 
signal has a strong fluctuation. Such characteristics can 
be utilized to reduce the amount of information for each 
sample value. Also, a number of technologies for com- 
pressing information have been employed to bring 
about an advance in the practical use of highly efficient 
compression techniques. 

For example, the amount of information contained 
in a one-hour moving picture having an image quality 
similar to those reproduced by VHS-type VTR devices 
is about 109 Gbits. Also. 360 Gbits, more or less, are 
contained in such one-hour moving picture with an im- 
age quality comparable to reception images of NTSC 
color-television sets. Thus, an effort to develop, highly 
efficient compression techniques is also directed to ap- 
plication studies aimed at transmitting or recording/re- 
producing such a large amount of information by means 
of current transmission lines or recording media. 

Highly efficient compression methods which have 
been proposed as practical methods for image-informa- 
tion application typically combine three different com- 
pression techniques to reduce the amount of informa- 
tion. The first technique reduces the amount of informa- 
tion by utilizing correlation within an image frame (com- 
pression utilizing spatial correlation), which takes ad- 
vantage of the fact that there is high correlation between 



adjacent pixels in natural images. The second technique 
reduces the amount of information by utilizing correla- 
tion between image frames arranged in time (compres- 
sion utilizing temporal correlation). The third technique 
5 reduces the amount of information by utilizing a different 
probability of appearance of each code. As techniques 
for compressing image information by utilizing correla- 
tion within an image frame (the first technique), a variety 
of techniques have been proposed. In recent years, or- 
10 thogonal transformation such as the K-L (Karhunen- 
Loeve) transform, the Discrete Cosine Transform 
(DCT). the discrete Fourier transform, and the Waish- 
Hadamard transform have often been employed. 

For example, highly efficient coding methods for im- 
15 age information proposed by the MPEG (moving picture 
coding expert group) which has been established under 
the ISO (international standardization organization) em- 
ploy two-dimensional DCT. These h ighly efficient coding 
methods (MPEG1 and MPEG2) combine intra-frame 
20 coding and inter-frame coding to realize highly efficient 
coding of moving-picture information while employing 
motion compensation prediction and inter-frame predic- 
tion. The orthogonal transformation is generally applied 
to blocks which are generated by dividing an image into 
25 unit blocks having a predetermined block size (M x N). 
In MPEG1 and fVlPEG2, a block having an 8-pixel-by- 
8-pixel block size is defined as a unit block. 

M X N orthogonal transform coefficients which are 
obtained by orthogonally transforming the unit block (e. 
30 g., 64 DCT transform coefficients in MPEG1 and 
MPEG2) are then quantized by using block-quantization 
step sizes (intervals for quantization). The block-quan- 
tizatoin step sizes are defined for each predetermined- 
size area including at least one unit block. In IS/IPEG1 
35 and [V1PEG2, for example, this predetermined-size area 
is called a macro block, which consists of a block of 16 
X 16 pixels for a luminance signal Y and a block of 8 x 
8 pixels for each of color signals Cr and Cb. In detail, 
the block-quantization step sizes are represented as [{a 
40 quantization characteristic of a macro block (a quanti- 
zation scale of a macro block) OS} x quantization matrix 
(8 X 8)]. Here, the quantization characteristic of a macro 
block changes from macro block to macro block. 

The orthogonal transform coefficients (e.g., DCT 
45 coefficients) which are quantized based on the block- 
quantization step sizes are separated into a direct cur- 
rent component (DC component) and alternating cur- 
rent components (AC components). The direct current 
component of the orthogonal transform coefficients is 
50 subjected to differential coding, and the alternating cur- 
rent components of the orthogonal transform coeffi- 
cients are subjected to entropy coding after a zigzag 
scan Here the entropy coding is an information com- 
pression technique using a variable-length coding 
55 scheme which uUIi/gs a different probability of appear- 
ance of GHCh code such as in the Huffman coding. 
Transformed and coded image data is transmitted as a 
bit stream (a series of bits).' A decoding operation on the 
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transformed and coded image data is carried out in a 
reversed manner to the coding operation described 
above so as to generate an output image. However 
when the quantization process is included in the entire 
coding process, unavoidable quantization errors result 
in quantization noise appearing in the output image. 
Thus, when the complexity of an Image subjected to the 
coding process contains a larger amount of information 
than the capacity of a transmission rate, the quantization 
noise will substantially degrade an image quality. 

In general, the quantization errors in low-frequency 
components result in block distortions in the output im- 
age, by which there appears to be no correlation be- 
tween each block of the output image. Also, the quanti- 
zation errors in high-frequency components generate 
mosquito noise around edges, which is a distortion hav- 
ing a ringing appearance in the output image. 

The quantization errors appearing in the output im- 
age are especially conspicuous where image levels are 
generally flat. When a small amount of quantization 
noise is added to a point where a change in a video sig- 
nal level has frequency components from low frequen- 
cies to high frequencies, the noise is difficult to be visu- 
ally detected because of characteristics of visual per- 
ception. However when a small amount of noise having 
high frequency components is added to a point where 
a change in the video signal has only low frequency 
components, the noise is easy to detect. Of course, 
when a large amount of noise is added, the noise is de- 
tected as coding degradation irrespective of the fre- 
quency components of the noise. 

As a measure to counter the quantization noise, 
there is a well-known technique called a coring tech- 
nique. This technique assumes that portions of the de- 
coded image having small high frequency components 
are mostly comprised of image-signal noise and the 
quantization noise, and that the portions of the image 
having a signal level lower than a predetermined level 
should have a zero signal level. This coring technique 
has been used as a method of removing small noises 
appearing in analog signals (a reference can be found 
in. for example, Broadcast Technology, pp.141-147, 
February, 1991). 

In general, the block-quantization step sizes have 
larger values for high frequency components than for 
low frequency components, reflecting the characteris- 
tics of visual perception. Thus, the quantization error 
tends to appear in the high frequency components. In 
consideration of this, the coring technique described 
above may be applied only to high frequency compo- 
nents to convert signal levels lower than a predeter- 
mined level (coring level) into a zero level. Then, the 
signal processed by the coring technique is added to a. 
signal of the low frequency components. However, 
when the coring level Is set in accordance with a mag- 
nitude of the quantization noise generated by large 
quantization step sizes, an output image lends to have 
a flat-like appearance without fine textures. On the other 



hand, if the coring level corresponding to a magnitude 
of the quantization noise generated by small quantiza- 
tion step sizes is used, the quantization noise having a 
targe magnitude cannot be removed. In other words. 

5 since the coring level is fixed to a predetermined level, 
the quantization noise cannot be effectively reduced. 

Accordingly, there is a need for a method which can 
effectively reduce the mosquito noise generated during 
a decoding process of coded image data, and for a de- 

10 vice for decoding the coded image data based on this 
method. 

SUMMARY OF THE INVENTION 

IS Accordingly. It is a general object of the present in- 
vention to provide a method and a device which can sat- 
isfy the need described above. 

It is another and more specific object of the present 
invention to provide a method which can effectively re- 

20 duce the mosquito noise generated during a decoding 
process of coded image data, and a device for decoding 
the coded image data based on this method. 

In order to achieve the above objects according to 
the present Invention, a device for decoding coded im- 

25 age data to generate decoded image data by applying 
an Inverse orthogonal transformation to each block into 
which the coded Image data Is divided includes a quan- 
tization-information detecting unit detecting block-quan- 
tization-step-size information indicative of quantization 

30 step sizes used for a given block, and a frequency-char- 
acteristic modifying unit modifying high frequency com- 
ponents, of the decoded Image data for the given block 
based on the block-quantization-step-size information, 
the high frequency components having frequencies 

35 higher than a predetermined frequency. 

The same objects are also achieved according to a 
present invention by a method of decoding coded Image 
data to generate decoded Image data by applying an 
inverse orthogonal transformation to each block into 

40 which the coded image data is divided. The method in- 
cludes the steps of detecting block-quantization-step- 
size information indicative of quantization step sizes 
used for a given block, and modifying high frequericy 
components of the decoded image data for the given 

45 block based on the block-quantization-step-size infor- 
mation, the high frequency components having frequen- 
cies higher than a predetermined frequency. 

In the device and the method described above, the 
block-quantization-step-size information indicative of 

50 the quantization step sizes used for a given block is ob- 
tained, and is used for modifying the high frequency 
components of the decoded image data. That is. the 
mosquito noise having a magnitude dependent on the 
quantization step sizes can be reduced by modifying the 

55 high frequency components in accordance with the 
quantization step sizes. Thus, the mosquito noise is ef- 
fectively reduced without having an adverse effect on 
necessary fine features of a picture of the decoded im- 
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aqe data. 

other objects and further features of the present in- 
vention will be apparent from the following detailed de- 
scription when read in conjunction with the accompany- 
ing drawings. 

RRIFF nESCR iPTION OF THF DRAWINGS 

Flq 1 is a block diagram of an image-data decoding 
device according to a first embodiment of the 
present invention. 

Fig. 2 is a blocl< diagram of a frequency-response- 
characteristic modifying unit of Fig. 1; 
Fig 3 is a blocl^ diagram of another example of the 
frequency-response-characteristic modifying unit; 
Fig 4 is a chart of an example of a characteristic 
curve showing a relation between coring-level coef- 
ficients and a quantization scale factor. 
Fiq 5 is a blocl< diagram of an image-data decoding 
device according to a second embodiment of the 
present invention: 

Fig 6 is a blocl^ diagram of an image-data decoding 
device according to a third embodiment of the 
present invention; 

Fiq 7 is an illustrative drawing for explaining a proc- 
ess of determining a coring levef for a pixel array at 
a control-signal generating unit of Fig.6; 
Fiq 8 is a block diagram of an image-data decoding 
device according to a fourth embodiment of the 
present invention; 

Fiq 9 is a block diagram of an image-data decoding 
device according to a fifth embodiment of the 
present invention; 

Fig. 10 is a block diagram of a frequency-response- 
characteristic modifying unit of Fig.9; 
Fig 11 is a block diagram of another configuration 
of the frequency-response-characteristic modifying 
unit of Fig.9; 

Fig. 12 is an illustrative drawing showing an exam- 
ple of a calculation of an activity value; 
Fig 13 is a chart showing an example of a relation 
between a multiplication factor and a value G; and 
Fig 1 4 is a block diagram of an image-data decod- 
ing device according to a sixth embodiment of the 
present invention. 

r-iFc^r.FilPTION OF TH F PREFERRED 
Efy/IBODIMENTS 



In the following, embodiments of the present inven- 
tion will be described with reference to accompanying 

drawings. ^ . . ,. 

Fiq 1 is a block diagram of an image-data decoding 
device according to a first embodiment of the present 
invention. In Fig.1, an input node which receives a bit 
stream (a series of bits) to be decoded is designated by 
reference number 1. Also, a portion enclosed by a 
dashed line 3 is provided on an integrated circuit. The 



portion enclosed by the dashed line 3 includes a buffer 
memory 8 a variable-length decoding unit 9, an inverse- 
quantization unit 10, an inverse-orthogonal-transforma- 
tion unit 11. an adder unit 12, a motion-compensation 
5 unit 1 3. and an image memory 1 4. An integrated circuit 
for this portion is commercially available. 

The bit stream provided to the input node 1 is image 
data which is encoded through a highly efficient coding 
method such as the MPEG 1 or the MPEG2 using a com- 
10 bination of the three different compression techniques 
previously described, i.e.. compression by using an or- 
thogonal transformation utilizing correlation within an 
Image frame (compression utilizing spatial correlation), 
compression by utilizing correlation between image 
15 frames arranged in time (compression utilizing temporal 
correlation), and compression by utilizing a different 
probability of appearance of each code. In a description 
provided below, it is assumed that the image data to be 
decoded is that generated by the MPEG1 or the 

20 MPEG2. ... 

The highly efficient coding of moving picture infor- 
mation through the MPEG1 or the tVIPEG2 uses a com- 
bination of intra-frame coding through the two-dimen- 
sional Discreet Cosine Transform (two-dimensional 
25 DCT) and inter-frame coding, and, also, employs the 
motion-compensation prediction and the inter-frame 
prediction. An image signal of each image subiected to 
the highly efficient coding is divided into a unit block hav- 
ing an 8-pixel-by-B-pixel block size (8 pixels in a hori- 
30 zontal direction and 8 lines in a vertical direction) with 
the DCT applied to each unit block. Then, the sixty-four 
DCT transform coefficients obtained for each unit block 
are quantized by using the block-quantization step siz- 
es In the MPEG1 and the MPEG2. the block-quantiza- 
35 tion threshold values are defined for each macro block, 
which is a predetermined-size area including at least 
one unit block and consists of a block of 16 x 16 pixels 
for the luminance signal Y and a block of 8 x 8 pixels for 
each of the cofor signats Cr and Cb. In detail, the block- 
40 quantization step sizes are represented as [{the quan- 
tization characteristic of a macro block (the quantization 
scale of a macro block) QS} x quantization matrix (8 x 
8)1 Here the quantization characteristic of a macro 
block (the quantization scale of a macro block) QS is a 
45 scale factor which changes from macro block to macro 

block. . 

DCT coefficients which are obtained through the 
quantization process dividing the OCT transform coeffi- 
cients by the block-quantization step sizes are then sep- 
50 arated into the direct current component (DC compo- 
nent) and the alternating current components (AC com- 
ponents). The direct current component of the DCT co- 
efficients is subjected to differential coding, and the al- 
ternating current components of the DCT coefficients 
55 are subfected to entropy coding (variable-length coding 
scheme utilizing a different probability of appearance of 
each code such as in the Huffman coding) after a zigzag 
scan Then a bit stream is generated in which informa- 
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tion necessary for the decoding process is attached to 
the transformed and coded image data. Here, the infor- 
mation necessary for the decoding process includes in- 
formation regarding the block-quantization step sizes 
(e.g. the quantization scale of a macro block QS) and 
information regarding motion vectors and prediction 
modes, etc. In the image-data decoding device of Fig. 
1, the bit stream supplied to the input node 1 is stored 
in the buffer memory B, which is made up from a First- 
In-First-Out (FIFO) memory. 

The variable-length decoding unit 9 receives the bit 
stream read from the buffer memory 8. and decodes the 
image data coded through the entropy coding (variable- 
length coding) and the attached information which is 
necessary for decoding the transformed and coded im- 
age data. (Such information includes block-quantiza- 
tion-step-size information (the quantization characteris- 
tic of a macro block OS) and information regarding mo- 
tion vectors and prediction modes, etc. ) Then, the Image 
data and the block-quantization-step-stze information 
(the quantization scale of a macro block QS) decoded 
by the variable-length decoding unit 9 is supplied to the 
inverse-quantization unit 10. Also, the information re- 
garding motion vectors, prediction modes, etc., is pro- 
vided to the motion-compensation unit 1 3. 

The inverse-quantization unit 10 which receives the 
image data and the block-quantization-step-size infor- 
mation (QS) obtains the DCT transform coefficients 
through an inverse-quantization operation, and pro- 
vides the coefficients to the inverse-orthogonal-transfor- 
mation (inverse-DCT) unit 11. The inverse-orthogonal- 
transformation (inverse-DCT) unit 11 applies the two-di- 
mensional inverse DCT to each unit block to convert the 
image data in the frequency domain to the image data 
in the time domain. Resulting image data in the time do- 
main is supplied to the adder unit 12. At the adder unit 
1 2. the image data in the time domain may be added to 
motion-compensated image data obtained by the mo- 
tion-compensation unit 13, depending on the coding 
type indicating either one of the intra-frame coding and 
the inter-frame coding. Output image data from the 
adder unit 12 is stored in the image memory 14. 

In the image-data decoding device of Fig.1. the im- 
age data provided from the image memory 14 is output 
at an output node 2 via a frequency-response-charac- 
teristic modifying unit 7. The frequency-response-char- 
acteristic modifying unit 7 is a coring circuit for carrying 
out the coring process. 

The frequency-response-characteristic modifying 
unit 7 is controlled by a coring-levet-control signal pro- 
vided from a control-signal generating unit 6 so as to 
change a coring level applied to the image data. Fig.2 
is a block diagram of the frequency-response-charac- 
teristic modifying unit 7. 

Fig.3 is a block diagram of another example of the 
frequency-response-characteristic modifying unit 7. Ei- 
ther one of the frequency-response-characteristic mod- 
ifying units 7 shown in Fig.2 and Fig.3 can be used in 



8 

the image-data decoding unit of Fig.l . 

In Fig.2, the portion enclosed in a dotted line 7h 
serves as a coring circuit for applying the coring process 
in a horizontal direction of the image. Atso, the portion 

5 enclosed in a dotted line 7v sen/es as a coring circuit for 
applying the coring process in a vertical direction of the 
image. The portion enclosed in the dotted line 7h serving 
as a coring circuit for the horizontal direction and the 
portion enclosed in the dotted line 7v serving as a coring 

w circuit for the vertical direction are connected in series. 
Thus, both portions form a coring circuit (or applying a 
two-dimensional coring process. 

In Fig.2, the portion enclosed by the dotted line 7h 
includes a horizontal LPF 21 having a predetermined 
cut-off frequency, a subtracting unit 22, a multiplying unit 
23, and an adder unit 24. Also, the portion enclosed by 
the dotted line 7v includes a vertical LPF 25 having a 
predetermined cut-off frequency, a subtracting unit 26, 
a multiplying unit 27, and an adder unit 28. 

20 In Fig.3, the frequency-response-characteristic 

modifying unit 7 includes a two-dimensional LPF 30, a 
subtracting unit 31, a multiplying unit 32, and an adder 
unit 33, and serves as a coring circuit for applying the 
two-dimensional coring process. When a filter is applied 

25 in two dimensions, a computation amount for adding 
and multiplying operations is increased. However there 
is an advantage in that a frequency band extending in 
a diagonal direction can be dealt with. 

In Fig.2, the multiplying unit 23 in the portion en- 

30 closed in the dotted line 7h and the multiplying unit 27 
in the portion enclosed in the dotted line 7v are provided 
with the coring-levet-control signal from the control-sig* 
nal generating unit 6. In Fig.3, the multiplying unit 32 is 
. provided with the coring-level-control signal from the 

3S control-signal generating unit 6. 

In the multiplying units of the frequency-response- 
characteristic modifying unit 7, signal components in a 
frequency band higher than the predetermined cut-off 
frequency of the LPF is multiplied by zero when a mag- 

40 nitude of the signal components is lower than the coring- 
level-control signal (coring-level-coefficient signal). 
Thus, the coring process is carried out to reduce unde- 
sirable signal components in the higher frequency band. 
Fig. 4 is a chart of an example of a characteristic 

45 curve showing a relation between coring-level coeffi- 
cients and the block-quantization-step-size information 
(QS). 

The coring-level coefficients shown in the ordinate 
axis of Fig. 4 range from 0 to 10, and are used by the 

50 frequency-response-characteristic modifying unit 7 for 
carrying out signal processing to suppress high-fre- 
quency components according to the block-quantiza- 
tion-slcp-si/e information (e.g., the quantization scale 
of H mncfo block OS). Here, the block-quantizatton- 

55 Slop st/c infoi mnhon is defined for each macro block, i. 
e lor OHCh prcdctcrmined-size area including at least 
one unit block (DCT block) for which the DCT is applied. 
In the oxHmpIc of Fig. 4, the coring-level coefficient in- 
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creases as a value of the block-quantizalion-step-size 
information becomes large, and saturates at a certain 

level. _j ■ 4U. • 

The control-signal generating unit 6 used in the im- 
aqe-data decoding device o( Fig.1 may include a look- 
up fable (ROM table) for which the block-quantizat.on- 
step-size information (e.g.. the quantization scale of a 
macro block OS) defined for each macro block is pro- 
vided as an address. The look-up table (ROM table) out- 
puts a coring-level-coefficient signal (coring-level-con- 
trol signal) corresponding to a coring-level coefficient 
according to the address provided thereto. 

The frequency-response-characteristic modifying 
unit 7 which carries out the coring process according to 
the coring-level-control signal provided from the control- 
signal generating unit 6 uses a large coring level ,n an 
image area where large block-quantization step sizes 
are used Thus, the mosquito noise can be easily re- 
duced while maintaining sharp edges. That is, it is pos- 
sible to take advantage of the characteristics that image 
areas using large quantization step sizes tend to gener- 
ate a large magnitude of the mosquito noise and image 
areas using small quantization step sizes tend to devel- 
op a small magnitude of the mosquito noise. Thus, the 
frequency-response-characteristic modifying unit 7 car- 
ries out an adaptive coring process by which a coring 
level becomes large in image areas using large block- 
quantization step sizes. As a result, necessary fine fea- 
tures in a picture are prevented from disappearing 
through the mosquito-noise removal process. 

In the image-data decoding device of Fig.1 employ- 
ing the adaptive coring process of the present invention, 
the bit stream (a series of bits) provided to the input node 
1 are decoded into the decoded image data by the buffer 
memory 8. the variable-length decoding unit 9, the in- 
verse-quantization unit 10, the inverse-orthogonal- 
transformation unit 11, the adder unit 12, and the mo- 
tion-compensation unit 1 3 as described above. The de- 
coded image data is stored in the image memory 14, 
and, then, output therefrom. 

The image data read from the image memory 14 is 
provided to the frequency-response-characteristic mod- 
ifying unit 7. where the quantization noise is reduced by 
the adaptive coring process. Thus, the image data with 
the suppressed quantization noise is output at the out- 
put node 2 of the image-data decoding device, which is 
provided with an adaptive coring device employing the 
adaptive coring process. 

In the image-data decoding device of Fig.l 
equipped with the adaptive coring device, the bit stream 
which is provided to the input node 1 is stored in the 
buffer memory 8 of the decoder integrated circuit en- 
closed by the dashed line 3. and, also, is supplied to a 
buffer memory 4. The bit stream read from the buHer 
memory 4 of a First-ln-Firsl-Out memory is supplied to 
a quantization-information detecting unit 5. For the 
quantization-information detecting unit 5. a mechanism 
similar to that of the variable-length decoding unit 9 may 



be used. . c ^« 

The quantization-information detecting unit 5 de- 
tects the block-quantization-step-size information (the 
quantization scale of a macro block OS), and provides 
5 it for the control-signal generating unit 6. 

Namely, in the image-data decoding device of Fig. 
1 the bit stream provided to the input node 1 is supplied 
via the buffer memory 4 to the quantization-information 
detecting unit 5. in which the block-quantization-step- 
10 size information is delected from the bit stream for a se- 
ries of the macro btocks to be provided to the control- 
signal generating unit 6. Here, the buffer memory 4, the 
quantization-information detecting unit 5, the control- 
signal generating unit 6, and the frequency-response- 
15 characteristic modifying unit 7 are provided outside the 
decoder integrated circuit enclosed in the dashed line 
3. Instead, these units can be included in the same in- 
tegrated circuit. 

Fig 5 is a block diagram of an image-data decoding 
20 device according to a second embodiment of the 
present invention. In Fig.5, the same elements as those 
of Fig.1 are referred to by the same numerals, and a 
description thereof will be omitted. 

In the image-data decoding device of Fig,5 
25 equipped with the adaptive coring device, all units are 
provided in a decoder integrated circuit enclosed by a 
dashed line 15. Also, block-quantization-step-size infor- 
mation which is detected from the bit stream for a series 
of the macro blocks by the variable-length decoding unit 
30 9 is provided to the control-signal generating unit 6. 

Namely, in the image-data decoding device of Fig. 
5 equipped with the adaptive coring device, the opera- 
tions of the buffer memory 4 and the quantization-infor- 
mation detecting unit 5 of Fig.1 provided outside the de- 
35 coder integrated circuit indicated by the dashed line 3 
are carried out by the buffer memory 8 and the variable- 
length decoding unit 9 provided in the decoder integrat- 
ed circuit enclosed in the dashed line 15. Also, in Fig.5^ 
the decoder integrated circuit enclosed in the dashed 
40 line 1 5 includes the control-signal generating unit 6 and 
the frequency-response-characteristic modifying unit 7^ 
Here the control-signal generating unit 6 is provided 
with the block-quantization-step-size information (e.g.. 
the quantization scale of a macro block OS) extracted 
45 from the bit stream for a series of the macro blocks by 
the variable-length decoding unit 9. Then, the frequen- 
cy-response-characteristic modifying unit 7 suppresses 
the high-frequency components of the image data pro- 
vided from the image memory 14 based on the coring- 
50 level-control signal supplied from the control-signal gen- 
erating unit 6. . I. X 
As described above, in the first and second embod- 
imcnis ol the present invention, the coring-level-control 
siq.iHi which IS generated by the control-signal general- 
55 „ia u.Mi 5 IS provided to the frequency-response-char- 
Hci.^i^Mic modilying unit 7. The coring-level-control sig- 
nnl ,s .ouicd as shown in Fig.4 to the block-quantiza- 
t,on-Mcp-si/o information of each macro block con- 
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tained in the bit stream as the attached information. 
Then, the frequency-response-characteristic modilying 
unit 7 suppresses the high-frequency components hav- 
ing a level lower than the coring level which is deter- 
mined according to the block-quantization-step-size in- 
formation. 

Fig. 6 is a block diagram of an image-data decoding 
device according to a third embodiment of the present 
invention. In Fig. 6, the same elements as those of Fig. 
1 are referred to by the same numerals, and a descrip- 
tion thereof will be omitted. 

In the image-data decoding device of Fig. 6 
equipped with the adaptive coring device of the present 
invention, the bit stream which is to be decoded is ap- 
plied to the input node 1 to be supplied to the buffer 
memory 8 of a decoder integrated circuit enclosed in a 
dashed line 16. Also, the bit stream applied to the input 
node 1 is provided to the buffer memory 4. The bit 
stream read from the buffer memory 4 of a First-In-First- 
Out memory is supplied to the quantization-information 
detecting unit 5. For the quantization-information detect- 
ing-unit 5, a mechanism similar to that of the variable- 
length decoding unit 9 may be used. The quantization- 
information detecting unit 5 detects necessary informa- 
tion from the bit stream for each macro block, and pro- 
vides it to a control-signal generating unit 17. 

The control-signal generating unit 1 7 used in the im- 
age-data decoding device of Fig. 6 may include a look- 
up table (ROM table). The look-up table receives as an 
address thereof the block-quantization-step-size infor- 
mation defined for each macro block from the quantiza- 
tion-information detecting unit 5 and a position of a cur- 
rently processed pixel from the image memory 1 4. Here, 
as described before, the macro block includes at least 
one unit block to which the DCT is applied. In the control- 
signal generating unit 17, then, the look-up table (ROM 
table) outputs a coring-level-coefficient signal (coring- 
level-control signal) corresponding to a coring-level co- 
efficient according to the address provided thereto (the 
block-quantization-step-size information and the posi- 
tion of the currently processed pixel). 

The reason why the position of the currently proc- 
essed pixel is provided to the control-signal generating 
unit 1 7 along with the block-quantization-step-size infor- 
mation is that an increase in the coring level near bor- 
ders of unit blocks can effectively reduce the block dis- 
tortions. That iS: not only is the mosquito noise effective- 
ly reduced by changing the coring level according to the 
block-quantization-step-size information, but also the 
block distortion can be effectively reduced. This is done 
by increasing the coring level for pixels near the borders 
of the unit blocks according to the position of the cur- 
rently processed pixel. 

Fig. 7 is an illustrative drawing for explaining a proc- 
ess of determining the coring level for a pixel array at 
the control-signal generating unit 17. Here, the control- 
signal generating unit 17 generates the coring-level- 
control signal for effectively reducing the block distortion 
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by setting the coring level at a large level for pixels near 
the borders of the unit blocks. In Fig.7, t1 , t2, t3, and t4 
represent different points of time, each of which is de- 
layed by one clock interval. In a given one-line pixel ar- 
5 ray of the image, predetermined coring levels are set for 
pixels p-3 through p+6 located near a border of the unit 
blocks. 

As described above, in the third embodiment of the 
present invention, the control-signal generating unit 17 
^0 is provided with the block-quantization-step-size infor- 
mation from the quantization-information detecting unit 

5 and with the position (address) of a currently proc- 
essed pixel from the image memory 1 4. Then, the ROM 
table of the control-signal generating unit 17 outputs a 

'5 coring-level-coefficient signal (coring-level-control sig- 
nal) corresponding to a coring-level coefficient accord- 
ing to the address provided thereto (the block-quantiza- 
tion-step-size information and the position of the cur- 
rently processed pixel). Thus, the frequency-response- 
'20 characteristic modifying unit 7 can increase the coring 
level for pixels located near the borders of the unit blocks 
so as to effectively reduce the block distortions as well 
as the mosquito noise. 

Fig. 8 is a block diagram of an image-data decoding 

25 device according to a fourth embodiment of the present 
invention. In Fig. 8, the same elements as those of Fig. 

6 are referred by the same numerals, and a description 
thereof will be omitted. 

The image-data decoding device of Fig. 8 equipped 

30 with the adaptive coring device differs from the image- 
data decoding device of Fig. 6 in the following points. 
The block-quanttzation-step-size information (e.g., the 
quantization scale of a macro block OS) provided to the 
control-signal generating unit 1 7 is delected from the bit 

55 stream by the variable-length decoding unit 9. Also, the 
control-signal generating unit 17 and the frequency-re- 
sponse-characteristic modifying unit 7 are.provided in a 
decoder integrated circuit enclosed in a dashed line 18. 
As can be seen in the description provided above, 

"iO according to the first through fourth embodiments of the 
present invention, the coring level used in the coring 
process is changeable according to the block-quantiza- 
tion-step-size information such that the coring level is 
increased for an image area using large btock-quanti- 

■^s zation step sizes. Thus, the mosquito noise is readily 
reduced while the edges of the image are maintained. 
Also, the fact that a large magnitude mosquito noise ap- 
pears in compressed-image areas using coarse quanti- 
zation steps and a small magnitude mosquito noise ap- 

so pears in areas using fine quantization steps can be uti- 
lized. That is, the frequency-response-characteristic 
modifying unit 7 employing the adaptive coring process 
increases the coring level in areas of large block-quan- 
tization step sizes in accordance with the coring-level 

55 control signal provided from the control-signal generat- 
ing unit, so that necessary fine features of a picture are 
not lost by the removal of the mosquito noise. Further- 
more, the coring level can be increased for pixels near 
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the borders of the unit blocks., so that the block distortion 
is effectively reduced along with the mosquito noise. 

Fig 9 is a block diagram of an image-data decoding 
device according to a fifth embodiment of the present 
invention. In Fig.9, the same elements as those of Fig. 
1 are referred to by the same numerals, and a descrip- 
tion thereof will be omitted. 

The image-data decoding device of Fig.9 differs 
from that of Fig.1 in that a first-activity detecting unit 40 
and a second-activity detecting unit 41 are provided to 
obtain activity values (indicators of image complexity) of 
the image data stored in the image memory 14. The ac- 
tivity values obtained by the first-activity detecting unit 
40 and the second-activity detecting unit 41 are supplied 
to a control-signal generating unit 6A. The control-signal 
generating unit 6A generates a control signal based on 
the activity values, and provides it to a frequency-re- 
sponse-characteristic modifying unit 7A. 

Fig. 10 is a block diagram of the frequency-re- 
sponse-characteristic modifying unit7A, and Fig.1 1 is a 
block diagram of another configuration of the frequency- 
response-characteristic modifying unit 7A. The configu- 
rations of Fig. 1 0 and Fig. 1 1 used in the fifth embodiment 
differs from those of Fig.2 and Fig.3 used in the first 
through fourth embodiments only in a control operation 
of the multiplying units. That is, the multiplying units of 
Fig 2 and Fig.3 multiply a magnitude of high frequency 
components by zero when that magnitude is less than 
the adaptive coring level. On thaother hand, multiplying 
units 23A and 27 A in Fig. 10 and a multiplying unit 32A 
of Fig. 11 multiply a magnitude of high frequency com- 
ponents by a control signal provided thereto. 

The multiplying units 23A and 27A of Fig.lO (or the 
multiplying unit 32A of Fig. 11 ) receive from the control- 
signal generating unit 6A the control signal which is a 
multiplication-factor signal ranging from 0 to 1 .25. In the 
output image data of the frequency-response-charac- 
teristic modifying unit 7A. signal components having 
higher frequencies than a predetermined cut-off fre- 
quency of the LPFs 21 and 25 (30) are multiplied by the 
multiplication factor ranging from 0 to 1 .25. 

When the control signal supplied from the control- 
signal generating unit 6A to the frequency-response- 
characteristic modifying unit 7A ranges from 0 to 1.0, 
the image data appearing at the output node 2 has sig- 
nal components which are attenuated by a factor rang- 
ing 0 to 1 .0 in frequencies higher than a predetermined 
cut-off frequency of the LPFs. 

When the control signal supplied from the control- 
signal generating unit 6A to the frequency-response- 
characteristic modifying unit 7A ranges from 1 .0 to 1 .25, 
the image data appearing at the output node 2 has sig- 
nal components which are intensified by a factor ranging 
1 0 to 1.25 in frequencies higher than a predetermined 
cut-off frequency of the LPFs. Thus, contours in the im- 
age are enhanced. 

The control signal supplied to the frequency-re- 
sponse-characteristic modifying unit 7A is generated by 



the control-signal generating unit 6A in the following 
manner. In Fig-9, the control-signal generating unit 6A 
receives the block-quantization-step-size information 
(e.g., the quantization scale of a macro block QS) from 
5 the quantization-information detecting unit 5 and the ac- 
tivity values from the first-activity detecting unit 40 and 
the second-activity detecting unit 41 The first-activity 
detecting unit 40 detects a first activity value A1 for an 
area having a first size in the decoded image area. The 
10 second-activity detecting unit 41 detects a second ac- 
tivity value A2 for an area having a second size smaller 
than the first size in the decoded image area. 

The first-activity detecting unit 40 and the second- 
activity detecting unit 41 have a function to detect an 
75 activity (indicator of image complexity) for a predeter- 
mined-size area in the image. The activity values of the 
image detected by the first-activity detecting unit 40 and 
the second-activity detecting unit 41 can be any one of 
various conventional indicators used as the activity val- 
20 ues of an image- 
Namely, the first-activity detecting unit 40 and the 
second-activity detecting unit 41 may detect as the ac- 
tivity values a sum of differentials between adjoining pix- 
els as shown in Fig.1 2. Alternately, the first-activity de- 
25 tecting unit 40 and the second-activity detecting unit 41 
may detect a variance obtained by calculating a square 
sum of differences between pixel values and an average 
pixel value within a block, a sum of absolute values of 
pixel values after an application of a predetermined fil- 
30 tering process, etc. 

The area having the first size in the decoded image 
area for which the first-activity detecting unit 40 detects 
the first activity value A1 may be the unit block (DCT 
block). The area having the second size smaller than 
35 the first size in the decoded image area for which the 
second-activity detecting unit 41 detects the second ac- 
tivity value A2 may have a number of pixels correspond- 
ing to a filter length of a FIR filter used in the frequency- 
response-characteristic modifying unit 7 A. For example.. 
40 if the FIR filter is a one-dimensional filter having 3 laps 
or 5 taps as a filter length, the area having the second 
size may have 3 pixels or 5 pixels, respectively. Also, if 
the FIR filter is a two-dimensional fitter having 3 laps or 
5 taps as a filter lengthy the area having the second size 
45 may have 3x3 pixels or 5 x 5 pixels, respectively. 

Based on the quantization-block-step-size informa- 
tion (e g.. the quantization scale of a macro block QS) 
defined for each macro block, the first activity value A1 , 
and the second activity value A2, the control-signal gen- 
50 eraling unit 6A calculates a value G as: 

G={K1-(QS x (A1/A2) + 1)}/K2 (1) 
wherein K1 and K2 are constant Then, the control-sig- 
nal generating unit 6A uses the value G as an address 
of a ROIVI table, for example, to generate the multiplica- 
55 tion-lactor signal ranging from 0 to 1 .25. 

Fig. 13 is a chart showing an example of a relation 
between the multiplication factor and the value G. As 
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shown in Fig. 1 3, the nnultiplication factor is saturated at 
an upper limit when the value G exceeds a predeter- 
mined value Th. In Fig. 1 3. the upper value is shown as 
having an example value ol 1.25. However the upper 
limit does not need to be fixed at 1 .25. As noted before., 
the multiplication-factor signal is supplied to the multi- 
plying units 23A and 27A {32A) of the trequency-re- 
sponse-characteristic modifying unit 7A. 

In the equation (1), the value G decreases as the 
block-quantization-step-size information (e.g.= the 
quantization scale of a macro block OS) defined for each 
macro block becomes large and/or (A1/A2) increases. 
Here, the block-quantization-step-size information in- 
creases as the image is more complex. 

A value of (A1/A2) indicates whether the image data 
in the proximity of a given pixel has a similar degree of 
complexity to the image data surrounding that proximity 
That iS: the value of (A1/A2) indicates whether the given 
pixel is that of a flat portion of an image or that of an 
edge portion of the image. 

For example, the value of (A1/A2) becomes small 
at an edge portion so that the value G becomes large. 
On the contrary, a flat portion of an image has a large 
value of (A1/A2) so that the value G becomes small. 

In the following, an operation of the frequency-re- 
sponse-characteristic modifying unit 7A and an out- 
come of the operation will be examined in order to facil- 
itate the understanding of the fifth embodiment. 

When the control signal supplied to the multiplying 
units 23A and 27A (32A) of the frequency-response- 
characteristic modifying unit 7A corresponds to a multi- 
plication factor equal to 0. the image data appearing at 
the output node 2 from the frequency-response-charac- 
teristic modifying unit 7A only has frequency compo- 
nents corresponding to the frequency bands of the LPFs 
21 and 25 (30). That is, the image data has no signal 
components which have higher frequencies than the 
predetermined cut-off frequency of the LPFs 21 and 25 
(30) 

When the control signal supplied to the multiplying 
units 23A and 27A (32A) of the frequency-response- 
characteristic modifying unit 7A corresponds to a multi- 
plication factor equal to 0.5, the image data appearing 
at the output node 2 from the frequency-response-char- 
acteristic modifying unit 7A has frequency components 
corresponding to the frequency bands of the LPFs 21 
and 25 (30). In addition, the image data has signal com- 
ponents having half the magnitude of original signal 
components which have higher frequencies than the 
predetermined cut-off frequency of the LPFs 21 and 25 
(30). 

When the control signal supplied to the multiplying 
units 23A and 27A (32A) of the frequency-response- 
characteristic modifying unit 7A corresponds to a multi- 
plication factor equal to 1.0, the image data appearing 
at the output node 2 from the frequency-response-char- 
acteristic modifying unit 7A is the same as the image 
data supplied to the frequency-response-characteristic 
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modifying unit 7A. 

When the control signal supplied to the multiplying 
units 23A and 27A (32A) of the frequency-response- 
characteristic modifying unit 7A corresponds to a multi- 
5 plication factor equal to 1 .25, the image data appearing 
at the output node 2 from the frequency-response-char- 
acteristic modifying unit 7A has frequency components 
corresponding to the frequency bands of the LPFs 21 
and 25 (30). In addition, the image data has signal com- 

10 ponents intensified 1.25 times as much as the original 
signal components which have higher frequencies than 
the predetermined cut-off frequency of the LPFs 21 and 
25 (30). Thus, the resulting image has enhanced edges. 
Fig. 14 is a block diagram of an image-data decod- 
es ing device according to a sixth embodiment of the 
present invention. In Fig. 14, the same elements as 
those of Fig. 9 are referred to by the same numerals, and 
a description thereof will be omitted. 

In the image-data decoding device of Fig. 14. all 

20 units are provided in a decoder integrated circuit en- 
closed by the dashed line 17. Also, block-quantization- 
step-size information which is detected from the bit 
stream for a series of the macro blocks by the variable- 
length decoding unit 9 is provided to the control-signal 

2S generating unit 6A. 

Namely, in the image-data decoding device of Fig. 
1 4. the operations of the buffer memory 4 and the quan- 
tization-information detecting unit 5 of Fig. 9 provided 
outside the decoder integrated circuit indicated by the 

30 dashed line 3 are carried out by the buffer memory 8 
and the variable-length decoding unit 9 provided in the 
decoder integrated circuit enclosed in the dashed line 
17. Also, in Fig. 14, the decoder integrated circuit en- 
closed in the dashed line 17 includes the control-signal 

35 generating unit 6A and the frequency-response-charac- 
teristic modifying unit 7A. Here, the control-signal gen- 
erating unit 6A is provided with the block-quantization- 
step-size information (e.g., the quantization scale of a 
macro block QS) extracted from the bit stream for a se- 

•^0 ries of the macro blocks by the variable-length decoding 
unit 9. Then, the frequency-response-characteristic 
modifying unit 7A modifies the high-frequency compo- 
nents of the image data provided from the image mem- 
ory 1 4 based on the control signal supplied from the con- 

-^5 trol-signal generating unit 6A. 

As can be seen from the. description provided 
above, according to the fifth and sixth embodiments of 
the present invention, the first-activity detecting unit re- 
ceives the decoded image data from the image memory, 

so detects the first activity value for the area having a first 
size in the decoded image, and provides the first activity 
value to the control-signal generating unit. Also, the sec- 
ond-activity delecting unit detects the second activity 
value for the area having a second size smaller than the 

55 first sue. and provides the second activity value to the 
control-signal generating unit. Based on the first and 
second activity values and the block-quantization-step- 
size inlprmation. the control-signal generating unit gen- 
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erates the control signal which is used as the multipli- 
cation factor by the multiplying units of the frequency- 
response-characteristic modifying unit. The frequency: 
response-characteristic modifying unit attenuates sig- 
nal components having high frequencies in an image 
area where the block-quantization step sizes are large 
and the activity value is small. On the contrary the fre- 
quency-response-characteristic modifying unit intensi- 
ties signal components having high frequencies in an 
image area where the block-quantization step sizes are 
small and the activity value is large. Thus, the mosquito 
noise generated during the process of decoding the im- 
age data is effectively reduced, and the edge portions 
of the image are enhanced to improve the image quality. 

Further, the present invention is not limited to these 
embodiments, but other variations and modifications 
may be made without departing from the scope of the 
present invention. 



Claims 

1. A device for decoding coded image data divided 
into a plurality of blocks so as to generate decoded 
image data by applying an inverse orthogonal trans- 2S 
formation to each block of said plurality of blocks, 
said device characterized by comprising: 



a quantization-information detecting unit (5, 9) 
detecting block-quantization-step-size infor- 
mation indicative of quantization step sizes 
used for a given block: and 
a frequency-characteristic modifying unit (7. 
7A) modifying high frequency components of 
said decoded image data for said given block 
based on said block-quantization-step-size 
information, said high frequency components 
having frequencies higher than a predeter- 
mined frequency. 

2. The device as claimed in claim 1 . characterized in 
that said frequency-characteristic modifying unit (7) 
eliminates said high frequency components of said 
decoded image data based on said block-quantiza- 
tion-step-size information. 

3. The device as claimed in claim 2. characterized by 
further comprising 

a control-signal generating unit (6) generating 
a control signal based on said block-quantiza- 
tion-step-size information, and wherein 
said frequency-characteristic modifying unit (7) 
eliminates said high frequency components of 
said decoded image data for said given block 
based on said control signal. 



4. The device as claimed in claim 3, characterized in 



that said frequency-characteristic modifying unit (7) 
comprises: 

low-frequency separating means (21, 25, 30) 
5 for separating tow frequency components of 

said decoded image data, said low frequency 
components having frequencies lower than 
said predetermined frequency: 
high-frequency separating means (22, 26, 31) 
w for separating said high frequency compo- 

nents: 

eliminating means (23, 27, 32) for eliminating 
said high frequency components when a mag- 
nitude of said high frequency components is 
15 less than a value of said control signal; and 

combining means (24, 28, 33) for combining 
said low frequency components and an output 
of said eliminating means (23, 27, 32). 

20 5. The device as claimed in claim 2, characterized in 
that said quantization-information detecting unit (5, 
9) comprises variable-length decoding means (9) 
for decoding said coded image data through a var- 
iable-length decoding format and for generating 
said block-quantization-step-size information. 

6. The device as claimed in claim 2. characterized in 
that said frequency-characteristic modifying unit (7) 
comprises means for eliminating said high fre- 
30 quency components of said decoded image data 
based on said block-quantization-step-size infor- 
mation and an address of a currently processed 
pixel of said decoded image data. 

35 7. The device as claimed in claim 6, characterized by 
further comprising 

a control-signal generating unit (17) generating 
a control signal based on said block-quantiza- 
40 tion-step-size information and said address of 

said currently processed pixel, and wherein 
said frequency-characteristic modifying unit (7) 
eliminates said high frequency components of 
said decoded image data for said given block 
4S based on said control signal. 

8 The device as claimed in claim 7, characterized in 
that said frequency-characteristic modifying unit (7) 
comprises: 

low-frequency separating means (21, 25, 30) 
for separating low frequency components of 
said decoded image data, said low frequency 
components having frequencies lower than 
55 said predetermined frequency: 

high-frequency separating means (22, 26, 31) 
for separating said high frequency compo- 
nents: 
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eliminating means (23, 21 , 32) for eliminating 
said high frequency components when a mag- 
nitude of said high frequency components is 
less than a value of said control signal: and 
combining means (24, 28, 33) for combining 5 
said low frequency components and an output 
of said eliminating means (23. 27, 32). 

9. The device as claimed in claim 6, characterized in 
that said quantization-information detecting unit (5, 
9) comprises variable-length decoding means (9) 
for decoding said coded image data through a var- 
iable-length decoding format and for generating 
said block-quantization-step-size information. 

rs 

10. The device as claimed in claim 1 , characterized by 
further comprising; 

first-activity detecting unit (40) detecting a first 
activity for a first image area having a first size 20 
in said decoded image data, said first activity 
being a measure of image complexity in said 
first image area: and 

second-activity detecting unit (41) detecting a 
second activity for a second image area having 25 
a second size smaller than said first size in said 
decoded image data, said second activity being 
a measure of image complexity in said second 
image area, 

wherein said frequency-characteristic modify- 30 
ing unit (7A) modifies said high frequency com- 
ponents of said decoded image data based on 
said block-quantization-step-size information, 
said first activity, and said second activity. 

35 

1 1 - The device as claimed in claim 1 0, characterized by 
further comprising 

a control-signal generating unit (6A) generating 

a control signal based on said bibck-quantiza- -^o 

tion-step-size information, said first activity, 

and said second activity, and wherein 

said frequency-characteristic modifying unit 

(7A) operates according to said control signal 

to attenuate said high frequency components ^5 

in some image areas, and to intensify said high 

frequency components in other image areas. 

12. The device as claimed in claim 11 ^ characterized in 
that said frequency-characteristic modifying unit 50 
(7A) comprises: 

.low-frequency separating means (21= 25, 30) 
for separating low frequency components of 
said decoded image data, said low frequency 55 
components having frequencies lower than 
said predetermined frequency; 
high-frequency separating means (22. 26, 31) 



for separating said high frequency compo- 
nents: 

gain converting means (23A, 27 A, 32A) for con- 
verting a magnitude of said high frequency 
components based on said control signal: and 
combining means (24, 28, 33) for combining 
said low frequency components and an output 
of said converting means (23A, 27A, 32A). 

1 3. The device as claimed in claim 10, characterized in 
that said quantization-information detecting unit (5, 
9) comprises variable-length decoding means (9) 
for decoding said coded image data through a var- 
iable-length decoding format and for generating 
said block-quantization-step-size information. 

14. A method of decoding coded image data divided 
into a plurality of blocks so as to generate decoded 
image data by applying an inverse orthogonal trans- 
formation to each block of said plurality of blocks, 
said method characterized by comprising the steps 
of: 

a) detecting block-quantization-step-size infor- 
mation indicative of quantization step sizes for 
a given, block; and^ 

b) modifying high frequency components of 
said decoded image data for said given block 
based on said btock-quantizatton-step-size 
information, said high frequency components 
having frequencies higher than a predeter- 
mined frequency. 

15. The method as claimed in claim 14, characterized 
in that said step b) eliminates said high frequency 
components of said decoded image data based on 
said block-quantization-step-size information. 

16. The method as claimed in claim 15, characterized 
in that said step b) further comprises: 

b1) generating a control signal based on said 
block-quantization-step-size information; and 
b2) eliminating said high frequency compo- 
nents of said decoded image data for said given 
block based on said control signal. 

17. The method as claimed in claim 16, characterized 
in that said step b2) comprises the steps of: 

b2-1 ) separating low frequency components of 
said decoded image data, said low frequency 
components having frequencies lower than 
SHid predetermined frequency; 
b2-2) scpnrating said high frequency compo- 
nents. . 

b2-3) eliminating said high frequency compo- 
nents when a magnitude of said high frequency 
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components is less than a value of said control 
signal; and 

b2-4) combining said low frequency compo- 
nents and an output of said step b2-3). 

18. The method as claimed in claim 15, characterized 
in that said step a) comprises a step of decoding 
said coded image data through a variable-length 
decoding format and generating said block-quanti- 
zation-step-size information. 

19. The method as claimed in claim 15, characterized 
in that said step b) eliminates said high frequency 
components of said decoded image data based on 
said block-quantization-step-size information and 
an address of a currently processed pixel of said 
decoded image data. 

20. The method as claimed in claim 19. characterized 
in that said step b) further comprises the steps of: 

b1) generating a control signal based on said 
block-quantization-step-size information and 
said address of said currently processed pixel 
and 

b2) eliminating said high frequency compo- 
nents of said decoded image data for said given 
block based on said control signal. 

21. The method as claimed in claim 20, characterized 
in that said step b2) comprises steps of: 

b2-1) separating low frequency components of 
said decoded image data, said low frequency 
components having frequencies lower than 
said predetermined frequency; 
b2-2) separating said high frequency compo- 
nents; 

b2-3) eliminating said high frequency compo- 
nents when a magnitude of said high frequency 
components is less than a value of said control 
signal; and 

b2-4) combining said low frequency compo- 
nents and an output of said step b2-3). 



d) detecting a second activity for a second 
image area having a second size smaller than 
said first size in said decoded image data, said 
second activity being a measure of image com- 
5 plexity in said second image area, 

wherein said step b) modifies said high fre- 
quency components of said decoded image 
. data based on said block-quantization-step- 
size information, said first activity, and said sec- 
70 ond activity. 

24. The method as claimed in claim 23, characterized 
by further comprising a step of 

15 e) generating a control signal based on said 

block-quantization-step-size information, said 
first activity, and said second activity, and 
wherein 

said step b) attenuates said high frequency 
20 components in some image areas and intensi- 

fies said high frequency components in other 
image areas according to said control signal. 

25. The method as claimed in claim 24, characterized 
25 in that said step b) comprises the steps of: 

b1) separating low frequency components of 
said decoded image data, said low frequency 
components having frequencies lower than 
30 said predetermined frequency; 

b2) separating said high frequency compo- 
nents: 

b3) converting a magnitude of said high fre- 
quency components based on said control sig- 
35 nal: and 

b4) combining said low frequency components 
and an output of said step b3). 

26. The method as claimed in claim 23, characterized 
40 in that said step a) comprises a step of decoding 
said coded image data through a variable-length 
decoding scheme and generating said block-quan- 
tization-step-size information. 



45 



22 



The method as claimed in claim 19, characterized 
in that said step a) comprises a step of decoding 
said coded image data through a variable-length 
decoding format and generating said block-quanti- 
zation-step-size information. 

23. The method as claimed in claim 14, characterized 
by further comprising the steps of: 

c) detecting a first activity for a first image area 
having a first size in said decoded image data, 
said first activity being a measure of image 
complexity in said first image area: and 
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